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THERAGNOSTICS: therapeutic+diagnostic

* same/similar pharmacological agents can be used for Dx and Tx
» Greek: Bepaneia (to treat) + yvwoic (knowledge)
» standard practice in NM for over 70y

% this merging enables precision and personalized Medicine:
«right Tx, right patient, right time, right dose»
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THERAGNOSTICS
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From Wikipedia, the free encyclopedia
(Redirected from Theranostics)

Personalized medicine, precision medicine, or theranestics is a medical model that separates people into different groups—with medical decisions, practices, interventions and/or products being tailored to the individual
patient based on their predicted response or risk of disease ' The terms personalized medicine, precision medicine, stratified medicine and P4 medicine are used interchangeably to describe this concept' 12 though

same authors and organisations use these exprassians separately to indicate particular nuances 1

While the talloring o treatment to patients dates hack at least to the time of Hippocrates B the term has risen in usage in recent years given the growth of new diagnostic and informatics approaches that provide
understancing of the molecular basis of disease, particularly genomics. This provides a clear evidence hase onwhich to stratify (oroup) related patients 1181
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THERAGNOSTICS IN NM

» a diagnostic agent (imaging) will determine if a patient would benefit from
the therapeutic agent > whole body imaging to assess entire tumor
burden

» receptor binding and internalisation - selective uptake by tumor cells >
high T-nTR - as high as possible radiation doses to tumor cells, as low as
possible to critical organs

» effective and irreversible lesion toxicity with minimal side effects

» favourable PK to allow repeated therapies
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COMMON THERAGNOSTIC AGENTS IN NM

CLINICAL INDICATION TARGET DIAGNOSTIC AGENT THERAPEUTIC AGENT
hyperthyroidism/thyroid cancer NIS 123]-jodide, 13!I-iodide 131]-jodide
NET & NE DT SSTR 68Ga-DOTATATE 177 u-DOTATATE (Lutathera)
adrenal medullary tumor VMAT?2 1231-MIBG, 131I-MIBG 1311-MIBG (Azedra)
bone metas from prostate cancer hydroxyapatite 99mTc-MDP 223Ra-Cl (Xofigo)
NHL CD20 H1In-ibritumomab 20Y-ibritumomab (Zevalin)
prostate cancer PSMA 68Ga-PSMA 11 177 u-PSMA 617
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THERAGNOSTICS IN NETs

DIAGNOSTIC IMAGING (B+ PET)
63Gallium-DOTA-agonists
% staging, patient selection for Tx (SSA/PRRT)

THERAPY (B-)

177Lutetium-DOTA-agonists

% Peptide Receptor Radionuclide Therapy

% Lu: agent of choice (reduced radiation dose to COs, quantification)

[E——S— 1 [y |41y |- (0] g ——

Peptide Receptor
Radionuclide Therapy
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THERAGNOSTIC TWINS

68Ga 4> ‘.‘
177y a

DOTA bridge
PEPTIDES sst,
native SS,g., 5,2

octreotide >10.000
lanreotide 180
pasireotide 9,3
DOTA-Tyr3-octreotide >10.000
DOTA-lanreotide >10.000
DOTA-Tyr3-octreotate >10.000
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PEPTIDE
sst, sst, sst,
2,7 7,7 5,6
2.0 187 >1.000
0,54 14 230
1 1,5 >100
14 880 >1.000
26 771 >10.000
1,5 >1.000 453

de Herder WW et al: Endocrine-Related Cancer 2003
Reubi JC: Endocr Rev 2003
Reubi IC et al: Ann NY Acad Sci 1994

sst;
4,0
22
17
0,16
393
73
547

SST receptor

IC;, in NnM

J
[ |
ULBR| [ |
m_N

iris




THERAGNOSTIC TWINS

68Ga-DOTATATE PET MIP 177LU-DOTA-|;£I§TE SPECT M;[P
WE TREAT WHAf WE SEE & WE SEE WHAT WE TREAT...
: .z .

Q.a
v
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PRRT PRINCIPLE

internalization
fusion with lysosomes
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International Atomic Energy Agency

Eur J Nucl Med Mol Imaging {2013) 40:800-816
DOI 10.1007/500259-012-2330-6

GUIDELINES

The joint IAEA, EANM, and SNMMI practical guidance
on peptide receptor radionuclide therapy (PRRNT)
in neuroendocrine tumours

European '
Neuroendocrine

Tumor Society

Conference Report ENETS Consensus Guidelines for the Standards

of Care in Neuroendocrine Neoplasms:

Neuroendocrinology 2017;105:295-309 Received: December 12,2016 Peptide Receptor Radionuclide Therapy with
» Accepted after revision: April 6, 2017 . .
DOI: 10.1159/000475526 Pl lshad Gl AR TS, 20T Radiolabelled Somatostatin Analogues
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THERAPEUTIC SCHEME

X suspend SSAs (LA/SA), re-introduction SSAs d+1 permissible

X v, q6-12w

4

X hospitalisation in dedicated rooms, radioprotection instructions

o3
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Refractory
CS and SD
Qctreotide
cs —| or Refractory
Lanreotide | CS and/or PD
—
Complete Resect primary
Ad d resection if —> | and metastases
vance / feasible (G1/G2) (see fig. 1)
loco-
regional \
disease or _
distant Fé-oln‘giciﬂgﬁrl Watch and wait
metastases § —»| or
burden, no Octreotid | i
symptoms, SD) ctreotide or lanreotide
Non-functional —> | Octreotide or lanreotide
(G2 and/or high
tumeor burden,
or PD or
symptoms) —ll SSTR negative | e
Cisplatin* +
NEC. G3 | Etoposide | PO~
’0
*

PLACE OF PRRT IN sINETs

| Consider debulking surgery of LM (see fig. 1)

| Ul pasinel

or PRRT

—PD —

|

Everclimus or
IFN-alpha or

Consider locoregional/ablative therapy (see fig. 1)
or SSA dose increase

or add-on IFN-alpha 2b

dide or a clinical trial

Consider octreotide or lanreotide
(if prior watch and wait)
or increase of SSA dose

or locoregional therapy
or PRRT (if SSTR positive)
or everolimus

or IFN-alpha 2b

Locoregional therapy

FOLFOX or
FOLFIRI or
TEM/CAP or
Clinical trial

Vs everolimus

vs hepatic-directed therapy for hepatic only/dominant disease
vs interferon alfa-2b

Vs cytotoxic chemotherapy

D)

L)
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MANAGEMENT OF LOCOREGIONAL ADVANCED DISEASE AND/OR DISTANT METASTASES®

GASTROINTESTINAL TRACT

EVALUATION®®
If complete
resection
Locoregional possible®-2®

advanced disease of
the Gl tract and/or
distant metastases

TREATMENT®

Observe with markers
and abdominal/pelvic
multiphasic® CT or MRI

|—— Resect primary® + metastases% ——»

° Multiph_asic" . every 3-12 mo, and
?:k']l'd:rml\:!r:” pelvic Asymptomatic, chest CT (% contrast)
Chest CT (£ low tumor as clinically indicated

. = burden or
contrast) as Octreotide®"M or

. gl‘;rrl‘:c;ﬂ’lgt:!rltﬁ:cated / lanreotide® " | Follow with
receptor-based \ ::;ﬂ,?? inall
imaging (ie, “Ga- multiphasic
dotatate PET/ Locally . . CT or MRI
CT [preferred] symptomatic from|—> gfo nrsi:,::r r‘:::;:gn eve?yr 3-12 mo
o:;cic;ﬂlartoslatin primary tumor P vy and chest CT !

+ trast

scintigraphy) . - o.hh ¢ c?—" _ras”)

+ Biochemical C_I|n|_c_ally Octreotide® as clinically

. significant [—|or ——»|indicated

evaluation as tumor burden lanreotide®hh
clinically indicated®

bSaa Princinlas of Rinchamical Tasting (NF-R)

Pavel Met at Neuroendocrinology 2016, NCCN GUIDELINES 2.2018

» CS refractory to SSA £ progressive disease

If disease
progression

> or
lanreotide®h
(if not already
receiving)

S locoregional advanced % distant metas, progressive after SSA

Octreotide® ™"

Refer to surveillance for appropriate primary
disease sites (See NET-1 through NET-4)

If disease prugressionbb:
Everolimus® (10 mg/d)

|PRRT w th TLu-dotatate, if

suinawstatin receptor positive

imaging (category 1 for mid-gut

tumors)®22

or

Hepatic-directed therapy for

hepatic-predominant disease:

« Arterial embolization, or

« Hepatic chemoembolization, or

« Hepatic radioembolization
(category 2B), or

« Cytoreductive surgery/ablative
therapy99'! (category 2B)

or

Interferon alfa-2b° (category 3)
or

Cytotoxic chemotherapy®

(category 3), if no other options
feasible

ULB




PLACE OF PRRT IN panNETs

Refractory
syndrome

— | Consider debulking surgery of LM (see fig. 1)

Diazoxide (insulinoma)
PPI (gastrinoma)
Octreotide or lanreotide®
or IFN-alpha 2b (if SSTR
negative)

Resect primary
and metastases
(see fig. 1)

Lanreatide (octreotide)
ar
Watch and wait

Cytotoxic
chemotherapy*

Cisplatin® +
Etopaside

STZ/5-FU
or TEM/CAP

~PD —

|—> PD —

‘—:— PD —

Vs everolimus
Vs sunitinib
Vs cytotoxic chemotherapy
vs hepatic-directed therapy for hepatic only/dominant disease

Complete
resection if —
Advanced / feasible (G1/G2)
loco-
rregional \
dz?s:fr Non-functional
5§
metastases E&;:Sﬂfﬁz '
burden, SD ar
initial diagnosis,
no symptoms)
Non-functional
(G2, high tumor
burden, and/or —>|
PD or
symptoms)
G3 NEC |
GINEN ) 63 et |
\/
L X4
*
L J &
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Consider locoregional*/ablative therapy (see fig. 1)
or 55A dose increase

or add-on IFN-alpha 2b (if not already receiving)
SvevEiGnnus (insulinoma)*

or PRRT

Everolimus or sunitinib

or cytotoxic chemotherapy*® |
~PD

or locoregional therapies* PRRT**
or lanreatide (octreotide) ‘ZJ;wd—\ine
(if prior watch and wait) X
ar
Clinical
trial

Everolimus or

Sunitinib > FD >

FOLFOX or
FOLFIRI or
Clinical trial

MANAGEMENT OF LOCOREGIONAL ADVANCED DISEASE AND/OR DISTANT METASTASES®

EVALUATION If complete TREATMENT
Locoregional advanced 5 : X oo 5
disease andior distant r:sse;:;r; - — Resect metastases + primary’
metastases: P
* Abdominal/pelvic « Observe with markers and
multiphasic® CT or Asy bdominal/pelvi Itiphasic® CT or
MRI and chest CT (& low tumor MRI every 3-12 mo and chest CT (&
por!!ras() as clinically burden, and contrast) as clinically indicated
indicated stable disease « Consider octreotideX¥ or
+ Somatostatin lanreotide®"Y
receptor-based
imaging (ie, *Ga-
dotatate PET/ = If di
CT® [preferred] or Symptomatic pmlgsre e
somatostatin receptor or significant consider
scintigraphy) Clinically symptoms as —> | octreotide*¥
* Biochemical significant appropriate or lanreotide®Y
evaluation as clinically|  [tumorburden | __ |52 NeTy (if not already
indicated (See NE-E)® oF PanNET-2, receiving)
Clinically 5
significant
progressive NET.
disease PanNET-5

aMultiphasic imaging studies are performed with IV contrast.
€See Principles of Biochemical Testing (NE-B).

Pavel Met at Neuroendocrinology 2016, NCCN GUIDELINES 2.2018

See Surveillance (PanNET-6)

Clinically significant progressive
disease, see below

If disease p{ogression‘:
Everolimus® (10 mg/d)

or
Sunitinib¥ (37.5 mg/d)

FRRT wi h ’"_L_u-dptataAte, li(f‘somatostatin

panh
or
Cytotoxic chemotherapy

Consider a hepatic-directed therapy for

hepatic-predominant disease:

« Arterial embolization, or

+ Hepatic chemoembolization, or

+ Hepatic radi bolizati y 2B), or

+ Cytoreductive surgery/ablative therapybf’
(category 2B)

locoregional advanced + distant metas, progressive (after SSA)

ULB




EFFICACY / OR: CR+PR

Valkema et al, 2002 (Rotterdam)
Anthony et al, 2002 (New Orleans)
Limouris et al, 2008 (Athens)
Delpassand et al, 2012 (Houston)
Waldherr et al, 2002 (Basel)

Bodei et al, 2004 (Milan)

Valkema et al, 2006 -multicentric-
Imhof et al, 2010 (Basel)

Cwikla et al, 2010 (Warsaw)
Pfeifer et al, 2011 (Copengahen)
Kweekeboom et al, 2008 (Rotterdam)
Sward et al, 2010 (Gothenberg)
Garkavij et al, 2010 (Lund)

Bodei et al, 2011 (Milan)

Ezziddin et al, 2014 (Bonn)

111T1n-DTPA-OC

177Lu-DOTATATE




EFFICACY: PFS/0OS

Therapeutic Agent “ PFS (m) =l

Valkema et a/, 2002 H1Tn-DTPA-OC
Delpassand et a/, 2012 HIIn-DTPA-OC 40 - 22
Valkema et al, 2006 90Y-DOTA-TOC 58 29 37
Bushnell et a/, 2010 90Y-DOTA-TOC 90 16 27
Cwikla et a/, 2010 90Y-DOTA-TOC 58 17 22
Pfeifer et a/, 2011 90Y-DOTA-TOC 53 29 -
Kwekkeboom et a/, 2008 177 u-DOTATATE 310 @ 46
Bodei et a/, 2011 177 u-DOTATATE 42 - 36
Ezziddin et a/, 2014 177Lu-DOTATATE 74 26
Kouvaraki et a/, 2004 STZ+5-FU+DOXORUBICIN 84 39 18/37
Kulke et a/, 2009 T™MZ 53 34 14/35
Strosberg et a/, 2010 TMZ+CAPECITABINE 30 70 38/-
Chan et a/, 2013 TMZ+BEVACIZUMAB 15 33 14/42
Chan et a/, 2013 TMZ+EVEROLIMUS 43 40 15/-
Yao et al, 2011 EVEROLIMUS 207 5 11/-
Raymond et a/, 2011 SUNITINIB 86 9 11/-
o3
® NSTITUT -t
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NeuroEndocrine Tumors ThERapy: NETTER-1

% first prospective, multicentric, randomized @III
metastatic/unresectable SSTR+ midgut NETs G1/G2
progressive (RECIST 1.1/3y) under standard OC (30-40 mg) Tx

% Sandostatine LAR 60mg vs
4x 177 u-DOTATATE ca + Sandostatine LAR 30mg

TREATMENT AND ASSESSMENTS

dose2 |, dose3 | dose 4 LUtathera
8 WEEKS | 8 WEEKS | 8 WEEKS | + Sandostatin LAR 30 mg

8 WEEKS 4 administrations of 7.4 GBq Lutathera every 8 weeks

o1

2g
2 0
Rl
35
NO®
o0
-3
=

PROGRESSION FREE SURVIVAL BY RECIST EVERY 12 WEEKS

® INSTITUT N |
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A Progression-free Survival

100+
90
80—
70-
60
50+
404
30
20
104
0

Progression-free Survival
(% of patients)

EFFICACY - PFS/0S (n: 229)

177Lu-DOTATATE
Median PFS: 28,4m

177Lu-DOTATATE

P<0.001

Octreotide LAR 60 mg
Median PFS: 8.5 m

Control

0

»
0:6:o
® NSTITUT

5 10 20 25 30

Months since Randomization
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. _ , 177Ly-DOTATATE
B Overall Survival (Interim Analysis) Median OS: NR

Overall Survival

(% of patients)

100~
90_ 177
20 Lu-DOTATATE
70—
60—
50— --=========-==-==-mmmmna-
Octreotide LAR 60 mg Control
4079 Median 0S: 28,4 m
30+
20+
10+
0 I I I I T 1
0 5 10 15 20 25 30
Months since Randomization
o
|
ULB =l=
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EFFICACY - OR (n: 201)

Complete Response (n) 1 0
Partial Response (n) 18 3
Objective Response (n, %) 19 (19%) 3 (3%)
Progressive Disease (n, %) 5 (5%) 27 (27%)
Stable Disease (n, %) 77 (77%) 70 (70%)
»
O .
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Deterioration-Free

Deterioration-Free

1.0 A

0.8

0.6
0.5

EFFICACY - QoL (n: 231)

+ Censored
Log-rank P < .001

Global Health

0.4

Survival

0.2

— ""Lu-Dotatate
——- Octreotide LAR 60 mg

|
Treatment I
|
I
1

1.0 -+

0.8 -

0.6
0.5

I I I I I I

5 10 15 20 25 30
Time After Randomization (months)

+ Censored
Log-rank P =.0247

Pain

=
"_

0.4 1

Survival

0.2 1

- .
[
'
. |
1
Treatment e
—— ""Lu-Dotatate

——- Octreotide LAR 60 mg

0
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Deterioration-Free

Deterioration-Free

Survival

Survival

1.0 4 ‘ Fatigue + Censored
3 Log-rank P =.0297
0.8 - i
4
]
064 %o
0.5 4
0.4 ‘:‘Q“‘ﬂ‘—w—,ﬂ
Treatment L__:
0.2 4 77|y .Dotatate I1.___.I
—== QOctreotide LAR 60 mg L+
T T ! ! ' '
0 5 10 15 20 25 30
Time After Randomization (months)
1.0 4
. + Censored
D|arrhea Log-rank P =.0107
0.8 -
[ -
0.6 k’—-*‘"’"%
05 [ ¥ S ——— *
0.4 4
Treatment
024 77Lu-Dotatate
——- Octreotide LAR 60 mg
T T ! ' I I
0 5 o 18 20 25 30
<
|
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PRRT TOXICITY

<+ DOSE DEPENDENT

<+ DOSE INDEPENDENT

ACUTE
>nausea/vomiting, fatigue
>abdominal pain/disconfort
>carcinoid crisis: <1%
SUBACUTE/CHRONIC
>G3/G4 hematological:<11%
(nadir: 6th-8thw pi)
>G1 alopecia: 65-70%
CHRONIC
>G3/G4 renal:<3%
(not an issue with 77| u-PRRT)

MDS
>rare: <3% (MDS: 2%/AL:1%)
>stochastic event: unidentified
individual susceptibilities
>no correlation with administered
activities/cycles
>mutational events induced by
sequentional cytotoxic Tx

0: :0
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Strosberg J et al.: NEIJM 2017, Bodei L et al.: Sem NM 2016, Bodei L et al.: EJNMMI 2015

de Keizer B et al.: EJNMMI 2008, Sabet A et al.: JNM 2013, Kwekkeboom DJ et al.: JCO 2008
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RISK FACTORS FOR PRRT TOXICITY

> DOSE DEPENDENT > DOSE INDEPENDENT
HEMATOLOGIC MDS
>extensive BM infiltration >previous myelotoxic agents:
>poor baseline values alkylating/topoisomerase II-i
>poor baseline renal function >previous EBRT (pelvis?)
>age
>previous EBRT
RENAL
>diabetes, hypertension
>previous nephrotoxic agents

.1‘1. 9
INSTITUT a
JULES BORDET =-=
NeTITUUT Bodei L et al.: ERC2016, Bergsma H et al.: EJNMMI 2016 ivis




PREDICTORS OF OUTCOME

» high baseline uptake on Ga-DOTA PET: SSTR expression
> SUVmax=25: higher tumor doses

» primitive origin

> panNETs: OR~40-50%

> rectNETs: OR~70%

> SINETSs: responses (SD) reflect rather low aggressive behaviour

» progressive 4 of uptake (68Ga-DOTA PET & 177Lu-DOTA SPECT)
progressive reduction of CgA

» poor outcomes: high tumor burden with bulky liver mets
bone/peritoneal mets

ECOG 22

B
*INSTITUT .
JULES BORDET Khan S et ak JNM 2011, Kong G et al EJINMMI 2018, Severi S et at EJNMMI 2013 i =l=

NETTuT Ezziddin S et at Clin Nuc Med 2012, Haug A et al JNM 2010, Kwekkeboom DJ et a JCO 2008 iris
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STRATEGIES TO IMPROVE PRRT EFFICACY

% OPTIMAL SELECTION OF PATIENTS
> combined MI imaging
> no mismatch FDG+/SSTR-

0% 100%
" Ki67 index

INSTITUT aE
JULES BORDET ULB =l=
NeTITUUT Hofman MS et al Discov Med 2012, Karfis I et a/ manuscript accepted on Oncotarget iﬁs



MOLECULAR IMAGING PHENOTYPE IN NETs

ﬁ

!
|
\«._;

Ve
4

|
ULBR [ | |
H_N

iris




STRATEGIES TO IMPROVE PRRT EFFICACY

% COMBINATION WITH CHEMOTHARAPY (Cap/Tem)
% Peptide Receptor Radionuclide Chemo-Therapy (PRRCT)
% in selected patients with FDG-avid, concordant lesions

% 65pts GEP-NETs, mPFS: 31m, CR:16%, PR:41%, SD:37%

Hematological toxicity grade Hematological toxicity grade
1 2 3 4 1 2 3 4
Short-term toxicity (up to 6 months) Long-term toxicity
PRRT+C (n=28) PRRT+C (6-60 months) (n = 28)
Neutropenia 5(18) 2(7) 1(3.5) 0 Neutropenia 1(35 0 0 0
Anemia 21 (75) 0 0 0 Anemia 11 (39) 0 1(3.5) 0
Thrombocytopenia 16 (57) 1(3.5) 0 0 Thrombocytopenia 2(7) 0 0 1(3.5)
PRRT+C+T (n=37) PRRT+C+T (6-36 months) (n=37)
Neutropenia 10 (27)  3(8) 0 0 Neutropenia 2(5.4) 2(5.4) 1(2.7) 0
Anemia 24 (65) 5(13.5) 0 0 |Anemia 10(27)  1(2.7) 4(108) 0
Thrombocytopenia 21 (57) 8(21.5) 0 0 |Thrombocytopenia  12(32.4) 1(2.7) 0 1(2.7)
‘1.1. -
INSTITUT |
s BO
-

Lewin J et al: EJNMMI 2017 .iris




PRRCT

% 58y panNET highG2 (Ki67:15%), second line PRRT after SSAs

23
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STRATEGIES TO IMPROVE PRRT EFFICACY

% COMBINATION WITH SSAs (during PRRT £ maintenance)

s 168pts GEP-NETs G1-2: 81 PRRT vs 87 PRRT+SSA
mPFS: 27m vs 48m,
mMOS: 47m vs 91m

enhancement of the antiproliferative effect by adding SSA to PRRT??

0.0
o, 11 Group 1
- :
— _05 5 1 Group 2
m V. Dm —
% "y Censored \
> —1.01 . O Group 1
2 ®
0 ey ] Group 2
T 15 _
: i
3 29 o -
I o o=
25 Log-rank P =0.012 ” Log-rank P < 0.001
0 20 40 60 80 100 120 50 100 150
‘1‘1’ Progression-free survival in months Overall survival in months
INS .. <.

|
ULBR | | |
[ |

Yordanova A et al: Clin Canc Res 2018 iris
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STRATEGIES TO IMPROVE PRRT EFFICACY

% intra-arterial PRRT: liver only / dominant disease

% alpha-emittors: 22°Ac

225 Ac-DOTATATE Therapy N =24

Site of primary tumour Stable disease on '”’Lu-DOTATATE therapy Site of primary tumour

Progressive disease on '”’Lu-DOTATATE

(N=12) therapy (N=12)
CR PR MR SD PD CR PR MR SD PD -
Pancreatic NETs (N=8) 0 S 2 0 0 Pancreatic NETs (NV=8) 0 3 1 1 0
Foregut (N=3) 0 3 0 0 0 Foregut (N=4) 0 1 1 0 0 !
Midgut (N +2) 0 0 1 0 0 Midgut (N=1) 0 1 0 0 0
Hindgut (N=0) 0 0 0 0 0 Hindgut (N=1) 0 1 0 0 0
Unknown primary (N=1) 0 0 1 0 0 Unknown primary (N=4) 0 1 0 2 0
Total (N) 0 8§ 4 0 0 Total (N) 0 7 2 3 0

CR complete remission, PR partial response, MR minimal response, SD stable disease, PD progressive disease

L)

L)

» antagonists: OPS201 (DOTA-JR11)
>no internalisation

>bind to more receptor sites - potentially higher tumor doses

*yly, Neoadjuvant PRRT: tumor downsizing
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re-Tx IS POSSIBLE

% under conditions:
% second progression >1y
¢ no mismatch between FDG/Ga-DOTA
% acceptable hematological reserves, ECOG<2
% acceptable dosimetric data of PRRT1
% response on PRRT1

*» PRRT2 less effective than PRRT1:

% poorer performance status
% dedifferentiattion? radioresistance?
% more extensive tumor load—suboptimal absorbed doses

0: :0
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re-Tx IS POSSIBLE
% 47 NET pts G1/G2, 99Y-PRRT 2000-2012

PRRT1 N=47/ PRRT2 N=44
>mPFS1: 30m >mPFS: 17.5m
>PR:10, SD:37 >PR:7, SD:26, PD:11
>nephrotox:1, G3*myelotox:3 >nephrotox:7, G3*myelotox:17

< <
o o
N m2,6y -
o o
[1,5-7,1y]
Q o
< | I | | | | = | I I | I I |
0 1 2 3 4 5 0 1 2 3 4 5 6
Progression free years following PRRT 1 Progression free years following PRRT 2
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PHEOs & PARAs: theragnostic imaging agents

% MIBG (=metaiodobenzylguanidine) SPECT I
% iodinated guanidine analoge, structurally similar to NA o Y
% produced from dopamine, stored on the presynaptic vesicles
% historical MI-gold standard )
% non metastatic, sporadic PHE: Se: 76-100%, Sp: 95-100% s
metastatic, hereditary PHE: Se: 52-75%, Sp: 90-95% Nowpioleine  MBG

% Ga-DOTA-SSA PET

% pooled Se: 93% [95% CI: 91-95%]

KX )
® INSTITUT aE
\JNUSLTTTSU?J(T)RDET Sisson JC et al: NEJM 1981 & 1984, Timmers HJ et al: J Clinical Endocrinology Metabolism 2009 =-=
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PHEOs & PARAs: 131I-MIBG

L0

» in metastatic MIBG+ patients
» pooled objective responses: CR/PR: 25%, SD: 52%
» small doses over a long period vs high doses + autologous stem-cell

transplantation
» myelotoxocity: thrombocytopenia/leukopenia (G3/G4: 85%), 4%: MDS
hypothyroidism (15-20%), sialadenitis,

Trial cycles, responses mmm

<

L)

L)

L0

<

L)

)

Sisson et al, 1984 2-4, PR:2/SD:3
Charbonnel et a/, 1988 1-8, PR:3 12
Krempf et a/, 1991 2-11, PR:5/SD:7 15 = 48%@22m
Mukherjee et a/, 2001 1-7, PR:8/SD:4 15
Safford et a/, 2003 1-6, CR:8/pr:8 33 - 4,7y
Gonias et al, 2009 1-4, CR:8/PR:8/SD:24 49 - 64% @5y
Castellani et a/, 2010 1-12, CR:2/PR:3/SD:6 24
Fishbein et a/, 2012 1-4 5 23m
Pryma et a/, 2019 1-4, OR: 59/68 68 36,7
o33 5
*INSTITUT .
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PHEOs & PARAs: PRRT

% mostly retrospective case series
/

% >90% clinical improvement, overall ~70-80% achieve SD+PR

% response rates seemed to be lower than NET patients

Therapeutic Agent, c m morphol responders or SD PFS (m) oS (m)

Kolasinska-Cwikla et a/, 2019, P S0Y-DOTATATE, 2-5c 10/13
Vyakaranam et a/, 2019 177 u-DOTATATE, 3-11c 22 22/22 21,6 49,6
Zandee et al, 2019 177 u-DOTATATE, 4c 30 27/30 30 =
Yadav et a/, 2019 177 u-DOTATATE+Chemo, 2-8c 25 21/25 32 =
Kong et al, 2017 177 y-DOTATATE+Chemo, 1-4c 20 15/20 39 -
Nastos et a/, 2017 177 u-/90Y-DOTATATE+Chemo, 1-4c 13 13/13 38,5 60,8
Estevao et a/, 2015 177l u-DOTATATE, 3c 14 10/14 = =
Puranik et a/, 2015, P 177 u-/°0Y-DOTATATE/TOC, 2-4c 9 9/9 = =
Imhof et a/, 2011, P 90Y-DOTATOC, 1-10c 39 = = =
Forrer et a/, 2008 177 u-/90Y-DOTATOC, 2-4c 28 20/28 = =
van Essen et a/, 2008 177 y-DOTATATE, 4c 12 8/12 - -
.u.NSTITUT -J.
JULES BORDET - HH
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WHAT TO CHOOSE?

% retrospective study of 22pts with progressive metastatic P&P

< 11 MIBG vs 11 °0Y-/177Lu-PPRT

All patients (131)I-MIBG PRRT P-value

Overall survival (months) 41.2+104 60.8+11.1 0.09

Progression free survival (months) 20.6 3.4 385+9.4 0.10

107 1,0 —i‘ (1?1%?2‘1%% ?;OI;JESRT
- {1 31 MIBG

+ L —I_FRRT
T ] } St
06+ 0,61 *|

0,44 0.4

0,04 0,0

0,24

T T T T T T T T T T T T T
0 20 40 60 ) 100 0 0 40 600 B0 100 120
Progression Free Survival (months) Overall Survival (months)

% PRRT: safer toxicity profile (trends)

% PRRT: no need for Tx interruption, no need for thyroid blockade, better tolerance
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MTC

%  PRRT with 77Lu-DOTATATE:

% only retrospective data of small series

% 60% have high uptake on SSTR imaging, marked heterogeneity
% 35-40% SD

L)

% PRRT with 77Lu-PP-F11N (first in human):
%90-95% overexpress cholecystokinine-2 receptor

“»specific accumulation with high radiation dose in MTC tissue, potential
therapeutic effect

% dosimetry results suggest that the dose
limiting organ is the stomach

% nausea, headache, hot flushes during
injection

|
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THE CHALLENGE FOR THE NEXT 5-10y

» PERSONALIZATION

upon risk factors, FDG, dosimetry, predictive biomarkers

» VALIDATION OF NEW STRATEGIES

combination therapies, intra-arterial, use of alphas

new theragnostic agents: antagonists, GLP1R

L)

* REGISTRATION and approval in other NETs (not yet in B)

L)
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“nothing in life is to be feared
it is only to be understood”

KX2 ioannis.karfis@bordet.be
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